The effects of uterine length per embryo and stage of gestation on prenatal survival, development, and sex ratio were determined by systematically restricting embryos to 5, 10, 15, 20, 25, 30, 35, 40, 45, or > 50 cm of initial uterine length per potential embryo and examining the reproductive tracts at d 17, 23, 29, 35, or 41 of gestation. At d 3 the mean length of a uterine horn was 169 f 35 cm, with a range of 80 to 255 cm. The mean total number of corpora lutea (CL) was 12.4 f 2.34. Ovulation rate tended to be correlated with the length of uterine horns ( r = .38; P > .1). Prenatal survival was highly correlated with initial assigned uterine space from 5 to 25 cm/CL ( r = .95; P c .05). Prenatal survival was not affected by space ( r = 5 3 ; P < . l ) when space was > 25 cm/CL. In all groups, regardless of space available, some prenatal loss occurred before d 17. In sections with c 25 cm/CL, a second loss took place between d 29 and 35. Before d 35, there was no significant effect of restriction on either fetal length or weight, but after d 35, fetuses from sections with > 25 cm/CL were longer and heavier than those from sections with less space ( P < .05). Greater uterine space was occupied by larger fetuses ( P c .05). Male fetuses occupied more uterine space than female fetuses did in both crowded and roomy sections ( P c .05). In crowded sections with assigned space < 25 cm/CL at d 41, males were lighter than females (male 10.17 g, female 11.56 g). In sections with assigned space > 25 cm/CL, males were heavier than females (male 12.91 g, female 12.05 g) ( P c .05). Sex of embryos at very early stages of gestation was determined by using a probe of a DNA segment of the Y-chromosome. When embryos were restricted to < 10 cm initial uterine length, 42% were male ( P > .1), and when embryos were restricted to 2 15 cm, sex ratio of ma1e:female was 49:51.
Introduction
Each fetus in a sow requires a certain minimum space or length of uterus to attach, survive, and develop. This minimum requirement may vary considerably during the course of gestation as the uterus and fetus grow (Bazer et al., 1969; Fenton et al., 1970; Monk and Erb, 1974; Ulberg and Rampacek, 1974; Webel and Dziuk, 1974; Knight et al., 1977; Christenson et al., 1987; Wu et al., 1987 Wu et al., , 1989 . Studies on uterine capacity have usually assumed a constant uterine length among gilts and consequently varied the proportion of uterus available to each potential embryo without regard for variation in length of uterus. Most studies have observations on only one stage of gestation (Dziuk, 1968; Fenton et al., 1970;  J. h i m . Sci. 1993. 71:1895-1901 Webel and Dziuk, 1974; Knight et al., 1977; Wu et al., 1989) . Both of these limitations have led to different conclusions among studies regarding the stage of gestation when space influences survival (Fenton et al., 1972; Pope et al., 1972) . The following experiment was designed to test the effect of restriction of each potential embryo to an absolute space of 5, 10, 15, 20, 25, 30, 35, 40, 45, or > 50 cm of uterine length and to examine the genital tract at d 17, 23, 29, 35, or 41 in all combinations of uterine space and stage of gestation. Fetal survival, weight, length, and sex were determined.
Materials and Methods
An experiment using a design with two main factors was conducted by using 300 gilts 5 to 8 mo of age. Gilts were mated at first estrus in the morning and evening of each day of estrus. Day of first mating was designated as d 0. Gilts were crosses between Duroc, Yorkshire, and Hampshire. At d 3, the uterus was exposed by aseptic, midventral laparotomy under general anesthesia induced with pentobarbital sodium and maintained with halothane (Dziuk et al., 1964) . The length of uterine horns was measured in situ (Wu et al., 1987) , and number of corpora lutea (CL) was recorded as potential embryos. Uterine horns were ligated at an appropriate location measured from the uterotubal junction of one horn depending on the number of CL. Ligation was done with two ligatures of nylon 1 cm apart to restrict embryos to the assigned segment. Potential embryos were assigned to 5, 10, 15, 20, 25, 30, 35, 40, 45 , or > 50 cm of initial uterine length. This length was considered to be the space assigned. Because each horn opposite to the ligated horn had a certain number of potential embryos in a defined but not preplanned length, that segment was also included in the analysis. Each gilt usually provided two items of information. There were 429 uterine segments analyzed (Table 1) . Gilts were killed and genital tracts were examined at d 17, 23, 29, 35, or 41 in all combinations of space and stage of gestation. Reproductive tracts were collected immediately and measured 6 h after removal from animals to provide standardized conditions found to be optimal (Wu and Dziuk, 1988) . Number of CL was determined by cutting across each one, and the presence and effectiveness of ligatures was confirmed. Uterine horns were cut free of ligaments and laid flat with cut edges up, and the length of each uterine horn was measured without stretching. Uterine horns were then opened along the cut edges to expose the placenta without disturbing attachment to the uterus. Location of each embryo or fetus was noted. Distances between adjacent fetuses were measured from umbilicus to umbilicus at the point of attachment to the placenta. The length of uterine horn occupied by an embryo or fetus was calculated. Space for the fetus at the oviductal end of the uterus or adjacent to the ligatures was calculated as the distance from the tip of the horn or ligatures plus one-half the distance to the adjacent fetus. Space for other fetuses, including those at the junction of uterine horns, was considered to be onehalf the total distance to adjacent fetuses. This measurement was considered to be the space available. Space available was usually greater than space assigned because of loss of some embryos and fetuses between d 3 and the day of killing. Length of each embryo or fetus was measured from the root of the tail to the ventral border of the external auditory meatus and projected to the intersect of the profile of the head (Marrable and Ashdown, 1967) . Each embryo or fetus was removed by cutting the umbilicus. Fetuses were then blotted dry, tagged, weighed, and numbered according to uterine location. Fetal survival was the proportion of CL represented by surviving fetuses. Sex of fetuses at d 41 was identified immediately by external genitalia and recorded. Sex of embryos or fetuses before d 41 was determined in cooperation with R. A. McGraw of the University of Georgia, Athens, by using a probe of a DNA segment of the Ychromosome (McGraw et al., 1988) . The weight differences between male and female fetuses were calculated using the mean of male fetuses minus the mean of female fetuses within treatment.
Statistical Analysis. The GLM procedures of SAS (1985) was used for analysis of data. Least squares analysis of variance was used to determine major effects of design and relative effect of degree of restriction and stage of gestation on embryonic or fetal survival, fetal weight, and length. Sources of variation were the assigned uterine length per embryo, the stage of gestation examined, and the interactions between the uterine space and stage of gestation. The interaction of space and gestation was used to test the major effects of uterine space and stage of gestation. The chi-square test was used to determine the effect on sex ratio. Student's t-test was used to determine 
Results and Discussion
The mean length of a uterine horn was 169 f 35 cm, with a range of 80 to 255 cm at d 3 (Figure 1 ) . Based on this observation of the great deal of variation in uterine length from animal to animal, it becomes evident that assigning an absolute uterine space to each embryo rather than just a proportion of the uterus is essential in studying the effect of uterine space on prenatal survival. To assign a certain proportion of the uterus could give some embryos as little as one-third the space to an embryo in one gilt in comparison with that in a uterus of a different gilt. The mean number of CL from both ovaries was 12.4 f 2.34. Under conditions of an average uterus L e . , 169 cm x 2 horns long, and a mean of 12.4 CL), each potential embryo would have available 27 cm (338 cm/ 12.4) of initial uterine length. Embryos in the groups assigned < 25 cm per CL could be considered to be in crowded conditions, whereas those having > 25 cm assigned uterine space had more than average space. The distribution in uterine length (Figure 1 ) was almost equal, with half longer than the mean and half shorter. Under these average conditions, approximately half the time potential embryos would have < 25 cm of space available. The number of CL on the ovary adjacent to the sections assigned < 25 cm/CL was 6.41 k 2.26, and the number of CL on the other ovary was 6.04 f 2.06, indicating that there was no bias in assigning the restriction. The number of CL tended to be correlated ( r = .38; P . l ) with uterine Uterine Length and Number of CL Because the relationship between number of CL and uterine length was so low, there is little reason to expect an increase in number of ovulations by hormonal or genetic means to be automatically accompanied by a longer uterus necessary to accommodate the additional embryos. Shortening the uterus by unilateral hysterectomy and ovariectomy has been found to reduce litter size (Webel and Dziuk, 1974; Christenson et al., 1987) ; it therefore follows that a longer uterus is required for an increased litter size. Uterine sections that did not contain embryos or fetuses at slaughter were 9% shorter than at d 3. In the sections with > 50 cm of uterine space per potential embryo, uterine length shortened 13.1% from d 3. Some of the embryos may have died during early pregnancy after implantation and occupancy of a segment of uterus. This creates a modified uterine space availability. The actual uterine space available to each embryo could often be quite different from that assigned at d 3. For this reason, a separate analysis of the effect of fetuses on uterine horn elongation was done on those sections with either 100 or 0% prenatal survival. At d 17, in all cases, uterine length was not significantly different from that at d 3. The uterus increased in length during the period between d 17 and 35. This finding agreed with the reports that there was no significant change in uterine length before d 18 (Wu et al., 1987) or into play when space is I 2 5 cm/CL, but provided there is at least 25 cm available at least one fetus is likely to restriction is unknown. Based on measurements of uterine length in the present study and extrapolating this information to previous studies, it is possible that space was not limiting for prenatal survival even in those sections deemed crowded. Prenatal loss in sections with 2 25 cm per CL was not reduced by increased space assigned. These results are in agreement with previous observations that prenatal survival was not increased under conditions in which potential embryos were given greater than normal space (Dziuk, 1968; Webel and Dziuk, 1974) . Assuming that uterine space did not influence prenatal survival in sections with 2 25 cm per CL, the losses due to causes other than space at d 41 were 23% ( Table 2 ) . The differences in prenatal survival between groups killed at different stages with > 25 cm per CL were not significant. This indicates that nearly all prenatal losses in sections with > 25 cm per CL occurred before d 17.
There were no significant differences in prenatal survival between groups with 5 20 cm per CL examined at d 17, 23, and 29. There were also no differences between groups examined at d 35 and 41.
There was, however, a significant ( P < .05) difference between groups examined at d 29 and earlier and those examined at d 35 and later. Crowding, therefore, affects prenatal survival when space assigned was 20 cm per CL before d 17 and then again between d 29 and 35. In earlier studies when the reproductive tracts were recovered near d 30 (Webel and Dziuk, 1974) , there was little effect of space on prenatal survival, but as gestation progressed fetuses with limited space did not survive. The present study is in accord with previous studies on the adverse effect of limited space, especially between d 25 and 35 (Fenton et al., 1972) .
It is unlikely that any appreciable prenatal loss occurred before d 11 due to crowding in sections with I Fetal Weight Based on Treatment Assigned (Polge and Dziuk, 1970; Dziuk, 1985) .
In the present study in groups killed at or before d 35, there was no significant effect of assigned space or space available on fetal weight or length (Figures 4, 5,   6 , and 7 1, although in a previous study differences were noted at d 20 (Wu et al., 1989) . At d 41, both fetal weight and fetal length were correlated positively with assigned space. Although prenatal survival was affected as early as d 17, growth of surviving fetuses was apparently not affected until later. Fetuses before d 35 are small and variation within groups tends to lessen the ability to detect any possible effects. Between d 35 and 41, requirements for resources increase, and limited space would limit availability of nutrients, gaseous exchange, and all placental exchange. In previous unpublished studies, we have noted that within a litter fetuses that were smaller at 
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+ . . d 40 were noticeably smaller later in gestation and at birth. The results are likely to be the same in all cases, either failure to survive under severe restriction o r failure to develop normally. Smaller fetuses are less likely to survive after birth and do not achieve normal growth rates unless extraordinary efforts are applied. The inexorable fate of a pig may be determined before d 17.
-Fetal Weight Based on Space
There were no detectable differences in weight between male and female fetuses at d 35 or earlier at any degree of restriction ( P > .l; (Figure 8 ). At d 41 in sections with 2 25 cm per CL, males were heavier than females (12.9 & .89 vs 12.1 & .9 g; P < .05). In sections of 5 20 cm per CL at d 41, males were significantly lighter than females (10.2 f .9 vs 11.6 & .8 g; P < .05).
The sex ratio of the 1,712 live embryos and fetuses is shown in Table 3 . In those sections of uterus with < 50% survival 45% were males. When survival rate was 2 85%, 49% were males. In sections with > 25 cm per CL, the proportion of males was 49%. Although the sex ratio of males to females was 41:59 in the section of 5 cm per CL, this tendency was not significant. In an earlier study (Wu et al., 1989) , the same tendency was noted. This tendency to favor females when resources available to the fetuses are limited is in accord with other studies in hamsters and mice, as reviewed by Krackow (1992) . At d 41, males were lighter than females in sections with 5 20 cm per CL but heavier than females in sections with 2 25 cm per CL. Both the sex ratio and weight difference leads to the hypothesis that male fetuses between d 35 and 41 have greater demands for resources and when resources are limiting are more likely than females to either fail to grow or to die. This period coincides with first production of androgens by the male. One may surmise that under conditions of stress it is an evoluntionary advantage to have more females survive than males.
Implications
A uterine horn of a gilt at d 3 of gestation varies from 80 to 255 cm in length. Uteri can increase in length during pregnancy to a maximum of 50% greater than at d 3. When embryos are restricted to < 25 cm per corpus luteum, survival is reduced in proportion to the degree of restriction. When 2 25 cm per corpus luteum is allowed, survival is unaffected by space. Litter size then becomes dependent on initial uterine length both when either the uterus is short or the number of ovulations is great. Males occupy more space and are heavier after d 35 when uterine resources are adequate but are lighter and have a greater tendency to die when resources are limited.
